Summary Large-scale breeding of Macaca jascicularis in the country of origin is a way in which the demands of the research community can be met whilst the feral population of monkeys is safeguarded. The establishment of the SICON-BREC project and the success of its breeding programme to date is clear evidence of the future trend in the supply of non-human primates for biomedical research.
It is widely recognized that non-human primates are still required in many fields of medical research and that they are still considered essential in the safety evaluation of vaccines. It has been advocated for some time that large-scale programmes of simian breeding should be commenced (Hobbs, 1972; Neurater & Goodwin, 1972; Schmidt, 1972) . Many such laboratory primate centres have now been established but few are in the country of origin. In this paper we describe the development of the Simian 'Conservation, Breeding and Research Centre (SICON-BREC) in the Philippines.
Purpose SICONBREC was established in 1983 with two main objectives: (1) to condition feral cynomolgus monkeys (Macaca fascicularis) to standards comparable with those recommended by Received 27 September 1986 . Accepted 12 November 1986 the World Health Organization; (2) to establish a large-scale breeding programme with the ultimate aim of producing laboratoryconditioned animals entirely from breeding stock, and in this way eliminating the necessity to use feral monkeys and thereby actively promoting the conservation of Philippine wildlife. There are three stages to the achievement of this concept:
(1) the microbiological screening and acclimatization of feral animals; (2) the selection and management of breeding stock;
(3) the production of laboratory-conditioned colony-bred animals.
To achieve these objectives has required the full cooperation of the Filipino government and the new administration has been very astute in perceiving the importance of the project and has shown great understanding and willingness to help in maintaining and expanding facilities.
Site, buildings and equipment The majority of monkeys are supplied from the southern area of the Philippines around Zamboanga. After a stabilizing period of 2 weeks here, the animals are flown to the capital, Manila, and transported by road to the conditioning and breeding centre at Tanay, a total travelling time of 3·5 h. In Zamboanga, SICONBREC has responsibility for ensuring that the trapped animals are quickly brought to large purpose-built holding pens. The pens are divided to provide 20 m 2 for groups of up to 30 animals and are generously provided with wooden perches. There, the monkeys receive immediate on-site veterinary inspection to ensure that any effects from stress and dehydration can be dealt with immediately. From this point onwards, the animals are fed a pelleted diet, formulated by SICON-BREC. It has a 22% protein content and is comparable with that supplied for non-human primates in Europe. There is daily supplementation of this diet with fruit.
The Tanay complex consists of a 14 hectare site situated away from any inhabited area and yet having good access to Manila International Airport. Being at an altitude of 200 m, the site has a pleasant environment all year round.
There has been steady expansion since 1983 and the facilities as at 1 September 1986 consist of 30 breeding pens, each with a floor area of 36 m 2 holding approximately 25 animals. A large and expanding nursery unit accommodates weaned and growing-on stock and comprises caging with a raised mesh floor which is divided into units to facilitate ease of observation by the animal caretakers. Nursery cage units are 6-12 m 2 and have 8-20 animals depending upon age.
For conditioning of the monkeys there are two modern buildings capable of holding 600 animals in individual cages. Two types of cage have so far been used: a removable galvanized model, 69 cm X 49 cm X 45 cm (31 in X 22 in x 20 in) with solid back, sides and top and a mesh front, has a squeeze-back mechanism to facilitate routine inoculations. The other type, of similar size, is suspended in a tiled cubicle and is made of tubular stainless steel.
In addition, there are outdoor communal holding pens which can accommodate a further 1000 animals. These holding pens of a galvanized link construction on a steel frame range in size from 25 to 40 m 2 with a height of 3-4 m. Up to 40 animals of an average body weight of 2·0 kg are held in these cages prior to being individually caged in the conditioning buildings. All communal areas are provided' with purchase, and cement drainage pipes act as the Hobbs, Welshman, Nazareno & Resuello 'escape' areas that are necessary during the periods of displays of social dominance.
A purpose-built laboratory enables extensive microbiological screening of stock to be carried out. Other facilities include staff and veterinarian quarters, workshops and guesthouses. All these facilities are serviced by a stabilized electrical supply provided by a generator and solar panels. There is a deepwell water supply with automatic chlorination infusion. The current full-time work force consists of over 50 people and includes four veterinarians and a trained laboratory tech-nICIan.
Conditioning
From the outset, feral animals supplied by SICONBREC have undergone a vigorous conditioning programme to improve their quality. This has not only benefited the research worker but has also ensured that the welfare of each monkey has been given full consideration.
Each animal is given an intrapalpebral tuberculin test using diluted mammalian purified protein derivative, 1200 IU of which are injected into the right upper eyelid. Three tests are carried out at intervals of 2 weeks. Positive reactors are killed. Antiserum is given for protection against Escherichia coli serotypes and strains of Salmonella dublin and Salmonella typhimurium. Measles vaccination, when given, consists of using a live attenuated virus intramuscularly. The treatment for helminths is ivermectin, 1 mg/kg subcutaneously. Two doses are given 2 weeks apart. Use of this drug also ensures freedom from mange and sucking lice. ,
With the on-site laboratory, prompt diagnosis of enteric problems can be made and antibiotic sensitivity testing ensures that the correct antibiotic is used in treatment. Should customers require it, routine screening for Shigellae and Salmonellae can be undertaken. Haematological and biochemical parameters can also be studied.
An important factor in conditioning primates for export is adaptation to individual caging. Non-human primates need a period of time to adapt from their natural habitat to an animal facility and to adapt to new dietary regimes. At SICONBREC, this adaptation is aided by 4 weeks in one of the two conditioning buildings, during which time the medication protocol described above is undertaken. Throughout this period, the animals are maintained on the pelleted diet formulated by SICONBREC, together with fruit supplementation, and are kept under constant veterinary supervision; an individual record card is maintained for each animal.
The individual caging at SICONBREC has been of enormous benefit to the primates imported to Shamrock Farms (Great Britain) Ltd.
Here, monitoring of animals from SICONBREC over the last 3 years has shown that no mortalities occur during transportation and that mortalities within the first week have been 1·6%. By comparison, the mortalities in cynomolgus monkeys received from traditional exporters have been as high as 11-4% at the end of the first week. Honjo, Cho and Terao (1984) reported mortality rates of 8·94% in the same period of time. The low mortality rate of animals from SICONBREC clearly demonstrates the benefit of weB-supervised conditioning in the country of origin.
Breeding
Once animals have. undergone an acclimatization period and have been screened, stock is selected for breeding. Cho and Terao (1984) observed that only 40% of animals had menstrual bleeding in the first 2 months after importation. This increased to 70% 3 months after arrival. They concluded that adult feral female cynomolgus monkeys need 3-6 months of conditioning to reveal their full reproductive potential. All animals finally selected for breeding are tattooed with a permanent identification number.
SICONBREC has adopted the multigroup breeding system (Angst, 1978) . There are an alpha and a beta male, a dominant female and 20-25 subordinate females. Two enclosures are connected by a tunnel; thus two breeding groups of four males and 50 females can intermingle, and this has so far proved to be a very successful arrangement.
Each enclosure measures 36 m 2 with a height of 3 m and is half roofed to give protection from sun and rain. There are numerous shelves, perches and cement pipes to allow lower ranking females to escape direct eye contact and continual harassment.
The interconnecting mesh tunnel has been a very successful innovation. It means that two colonies run together and provides a greater area of access and escape for each individual. Since the tunnel can be closed off, animals can be moved between enclosures for easier cleaning. When incompatibility problems arise due to shifts in social dominance, then the tunnel can be shut off for longer periods of time to reduce the size of the colony. Each pair of enclosures is situated well clear of the next to maintain a good physical barrier and ensure that no social instability arises between colonies due to interaction through the mesh.
Once the colonies are formed, a period of adjustment of up to 2 years is required in order to establish a social hierarchy in which the animals are compatible enough to reproduce successfully.
In SICONBREC's experience, interfemale aggression never entirely disappears owing to shifts in ranking order, maturation of younger females and the arrival of infants. This occasionally necessitates the temporary separation of animals into individual cages within the enclosure. All the breeding colonies are subjected to a routine screening protocol every 3 months. This incorporates a 1 day faecal screening for Salmonellae and Shigellae, anthelmintic treatment with ivermectin and tuberculin testing. Random stool samples are taken to look for helminth ova. The animals are weighed and the females palpated abdominally and rectally. Catching is achieved by hand as the animals hold onto the link mesh of the cage. The familiarity of the caretakers with the animals minimizes the stress of this procedure.
Breeding statistics
In the 3 year period since the colonies have been established, the reproductive performance has been good. Table 1 shows the cynomolgus monkey breeding results from various studies (Timmermans, Schouten & Krijnen, 1981) . SICONBREC's statistics compare favourably with these. In 1985, 92% of females were found to be pregnant, and despite the fact that animals were stilI adjusting to colony conditions the 6·9% abortions and 5·1 % stillbirths were surprisingly low figures. However, the unstable nature of some of the colonies is reflected in the 28% mortality in youngsters up to 6 months of age. This can be attributed to infanticide by the males and baby snatching by more dominant females.
The live-birth production rate of 58·6% is not a true reflection of the actual figure since, during 1985, additional young females were introduced. If these are discounted, a more accurate live-birth production rate of 86% is seen.
A histogram (Fig. 1 ) of distribution of births throughout 1985 shows that a greater number of births occurs in the months March to October. Hobbs, Welshman, Nazareno & Resuello Weaned stock Weaning is usually undertaken at 100-120 days of age at an average weight of 800 g. If aggression is apparent within a colony and infants appear at risk, they may be weaned as early as 50 days with supportive bottle feeding of milk. Growth curves of early weaned stock (Fig. 2) show that they achieve weight gains of 150-200 g a month for the first 8-10 months of life and reach 1·5 kg body weight by 14 months of age. This compares favourably with older weaned stock ( Fig. 3) and is an important factor when aiming to achieve maximum production from the females. Delayed weaning decreases the live-birth production rate of each female. Once an infant is removed from a female, she wilI usualIy be mated within 2-3 weeks. These early matings do not usually result in impregnation but the following matings often do.
The youngsters undergo a standard protocol of screening which includes tattooing, testing for Salmonellae and Shigellae and prophylaxis against Escherichia coli and Salmonella serotypes, helminths and measles. Tuberculin testing is also undertaken at this stage.
Initially the newly weaned animals are kept in groups of 8 to 10 in a cage of 6 m 2 • After 2 months they are moved into units of 12 m 2 housing 15-20 animals. Here, they undergo regular monthly weighings and have routine prophylactic therapy and screening as for adult stock. During this period careful observation is made for animals suitable as future breeders. An individual record card updates this information and all other aspects of the animal's life history, e.g. date of birth, weight gain, genealogy. This record card accompanies the animal, whether to the breeding unit or the end user.
Discussion
The aim of SICONBREC is to expand the breeding colonies until they are producing adequate numbers of animals for the international research market. It is envisaged that Fig. 3 . Growth curves of cynomolgus monkeys weaned at between 100 and 150 days (total, 51 animals): A, females, 120-150 days (eight animals); B, males, 120-150 days (six animals); C, females, 100-120 days (21 animals); D, males, 100-120 days (16 animals). 7500 females in 300 breeding cages will achieve these aims.
It is important to emphasize that, as long as there is a requirement for the laboratory cynomolgus monkey, the research community must come to terms with the fact that in the next few years the feral animal will no longer be available. It is reputable breeding centres such as SICONBREC that will supply the laboratory monkey of the future. 10 l-bnths after weaning Fig. 2 . Growth curves of cynomolgus monkeys weaned at 60 days or less (total, 57 animals): A, males, less than 50 days (eight animals); B, males, 50-60 days (20 animals); C, females, less than 50 days (six animals); D, females, 50--60 days (23 animals).
